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Questions for answer:

e What are main ideas from QCD ?
correct d.o.f., saturation, CGC and ...
e What have been seen experimentally ?

black disc (?), geometrical scaling, hot
spots and ...

e What are theoretical achivements and problems ?

summing Pomeron loops, diffusion scale

and ...
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Low x and Diffraction

Ideas from QCD

Degrees of Freedom and Diffraction

iNnitial state

hadron_

LIﬁladron

W= W —

final state

Z T LIJ hadrons Z LIJ

i"/h

[elastlc + ]

diffractive

LIJn :O‘%adron + BLIJdiffraction
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e Correct d.o.f. at high energy: colourless dipoles (Mueller
(1994)).

Large diffraction production —— hadrons are not correct
d.o.f.

%{ - " Interaction: dipole —
two dipoles decay

/
12 T2

Interaction: dipole does
not change the size
during scattering

/
T12 = Tq2
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e Saturation

Packing factor of partons (k(Q? zg;)) — 1

Q? < 1/r? where r is the size of dipole
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e Saturation scale (momentum) Q(x):

() s is the solution of the equation

k(Q%xzpj) =1

where

3r2air?zG (x,Q* = 4/r?)

k(r?, x) =

4 wR?
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e¢ BFKL Pomeron Calculus = BFKL Pomerons and their
interactions

o A(1P) = 52

2
Qg S
Y Azclés—l—CzS

;{;‘é e A(2P) = a3s*®Y = Ins

e BFKL Pomeron: |1 < agY |

<2 <2 y, @ Pomeron interaction:
% In(l/a%) < asY < 1/as |
e Pomeron interaction 4+ NLO

BFKL + ... : l/as < asY
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@ Strong (classical) gluon fields (CGC) (McLerran & Venogapalan)

Classical gluon

S

~—
| NN
N

N\

fields for emission

of red gluon

dense system

of partons

\ 4

to emission Linteraction

t() - temission << temission — tintereaction
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o Equation for diffractive production ( Kovchegov & Levin (1999)) :

o

~T-F - 1@
4§ =

O
e

SL IESESSEE 35

(O (T
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e Geometrical scaling behaviour.

® Single diffractive
dissociation process. The
bunch of produced particles

rapidity gap

is absorbed in cut Pomeron.

For total and total single diffraction cross sections

Tiot(7Y*P) and o.q4(7*p — M?p, integrated over M)

— o F(@2/Q2)

oiot — GLR; Mueller & Qiu; Bartels & E.L..; McLerran &Venogapalan; Kwiecinski,
Stasto & Golec-Biernat; lancu, Itakura &MclLerran,

osq — E.L & Lublinsky; Kharzeev, E.L. & McLerran, Mueller
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e Typical distances in diffractive production in MFA.

2
Osd X // ﬁ G (ﬁ, 2/k2) (:BG (.’L‘p,kz Rz))2
R2

2
R? — size of the target; (3 = Q@ . xp =
Q* > Q?%(k?* B) and k* R*> Q?*(xp)

Coa o [Tre B (Q2/K)7 (K2 R2)2M oc (R~

Q* > Q:(k* B) and k* R°< Q3 (xp)

Tt X [pe B (Q%/K?) (QX(zp) R?)? x (Q3(xp))' ™7

Therefore

1
Qi(zp)
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e ‘Hot spots’ ( Mueller,1992)

cap(~bltl) b ~ 1/Q¥ap)

~

R [ Qs(zp)

For oo the size of hot spot x 1/Qs(xp;)

For o4 the size of hot spot ox 1/Qs(xp)
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e The main ideas for soft processes

There is no soft Pomeron but the parton
system goes through the stage of parton
saturation.

e Saturation models (Golec-Biernat & Wusthoff)

photon dipole
AAANN ® O-dipole(rta "B)

Q%4 (@)
ool 1 — e 4

?rq XG(X,4/r 2) 2
S P Qs —

4“2‘1551:(;(:1:, 4/7?)

W%~ % target 3
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ldeas versus experimental data

Soft diffracti
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1.

Hadron are not

correct d.o.f.

2.

Experimental datafor
p+pand antip+p

New d.o.f.:

constituent  quarks,

dipoles, ...

Rp = (04(8) + 055(8) +Opp(S) )/0,(9)

3.

d.o.f.
black disc

At least one

scatters as a
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O No need for a soft Pomeron

T T T T T T T T T T
L | 34 B
28 — prediction for K—p scattering
r E 32 prediction for pi-p scattering -
r 7 A pi-p data
[ 7 30+ e K-pdata b
26 — —
|- z 7 2 = 7
/%ﬁ//}//— o] g%
= =afFE B = 261 B
L 4 2
E | ] g :
= g 24r I 4
S i 7 0
S g2 — 4l
- <} L j
L K+ p | 5 22
|- | 20 = <
20 — —
% i 181 ]
18 — , 16 4
L L L 1 n n n 1 n n n 1 n ] 14 1 1 1 1 1 1 n n n n
=00 400 600 o] 100 200 300 400 500 600 700 800 900 1000 1100
Pib (GeV) Po (GeVz)
180 T T T T T T T T T
100
1601 4 pbarp data B ]
r b - ppdata
L | prediction for pp scattering
] 1401 prediction for pbarp scattering g
= L 4
i £ 120
z | §
— _ § 100+ 4
s 1 §
j S 80r 1

— 60 b
| 4 40» -
20 L L L L | L L L L M| L L L 20 1 1 1 1 1 1 1 1 1
1ot 102 102 2 3 4 5 6 7 8 9 10 11 12
Vs (GeV) Log ( s12 )

® Bartels, Gotsman, E.L., Lublinsky & Maor ® Kormilitzin

Low x and Diffraction E. Levin 15



Low x and Diffraction

e Geometrical scaling
bS’
T “““
3 e For Q% < Q? Bartels
& E.L.
| For Q%> Q2 |
e For Q° > Q lancu,
LS e . Itakura & McLerran
1 - ZEUOS‘Z-HI high Q* 94-95 é
- E665 v
x<0.01
all Q>
e Kwiecinski, Golec-Biernat and Stasto
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e Packing factor (k)

Q2 =20GeV2

Q2 = 200 Gev2

xG(x,Q?)

e Large number of gluons xGG at * — 0;

e Large packing factor ;

However
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e The value of QQ; is not large at HERA (Q;~1GeV ) ;

e It depends on saturation model;

Am? | Saturation momentum
¢ Q. (Gev) 1
) 1. LO BFKL ;
- M, 10} 5 2.  Moadified MFA;
3. NLO BFKL
3 (Durham);
Al 4. BGW model;
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e Good desription of F, in MFA (B-K equation)
(Lublinsky + TAU (02); lancu, Itakura & Munier (03))

10710107710 * 1071067 1610 1071077107710 10 1074 1077 1072
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e Diffractive production: typical dustances

1
o X
sd ajzae.ff
ZEUS 1994
§1.6_— M, =2GeV | §1.6— M, =5GeV
S | S
14 1.4

Soft Pomeron

1 10

QZ(Gel\O/Z)

Soft Pomeron

1 10 1

2
0

Q(GeV?)

The fact that ap.rt > apsort means that short distances
contribute to the diffracttion production

Low z and Diffraction

E. Levin 20



Low z and Diffraction

Qﬁ(w, b) =Q§(£B) exp(—ub) therefore, | b < (1/p)In Qi

Diffractive production: shrinkage of diffraction peak

e For soft processes B =B, +
20 In(s/sg) where of =
Const(DL);

e For hard processes (without
SC) B =Bqy;

e For hard processes (with SC )
B = Bo+2a'sln(s/so) but a

increases with energy;

Hot spots: o(y*p — J/¥ +p) — 5 F (r*Q%(x, b))
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e Diffractive production: o4;f5(M?)/0¢t0t

ZEUS 1994
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Theory development

e The BFKL Pomeron calculus

Status:

e Everything that has been done during the past three years
is nothing more than understanding of the BFKL Pomeron
calculus (Kozlov,E.L. & Prygarin; Bondarenko);

e The news: The Pomeron interaction generates a new state

with the intercept larger than intercept of two BFKL Pomerons
(Hatta & Mueller; E.L, Miller & Prygarin);
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o A ox -1 fe_l_ioo dw

27wt JeE—100
—_——— ew Y 1 1
w—w(y) w—w(y1) — w(v2)

w()
L+vy=7+7

) + wie) ® W27 — 1) =2 w(v)
o w(m) > w(lry=1/2)
g o Ax Yez2vMMY

The sad truth: we have to start from
the very beginning not only in summing
Pomeron loops but also in MFA 7 |
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o Statistical approach: its beauty and problems

We know from the old good days of Reggeon Field Theory
(Pomeron calculus) that this theory is the field theory for directed
percolation

(Grassberger & Sudermeyer (1978), Obukhov (1980), Cardy &
Sugar (1980))

but because of the advent of QCD we did not investigate this
idea in the full strength.

TIME HAS COME

e People: Blaizot, Brunet, Derrida, Enberg, Golec-Biernat,
Hatta, lancu, Itakura, E.L., Lublinsky, McLerran, Marquet, Mueller,
Munier, Peshanski, Shoshi, Soyez, Triantafyllopoulos + . . . . .. nearly
everybody
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Langevin equation:

0P as 2T as,
o — — KON)® — P2
oY 27 ® +¢

o J[|¢|>=0; <I[¢¢]> #O

Langevin equation for Einstein diffusion:

v AF + ¢
[ - = — AD
dt
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The main prediction: e violation of the geometrical

( lancu, Mueller & Munier (2004)) scaling behaviour ;
e appearance of new
saturation scale (diffusion scale);

. A(Y) — A <ln(fr2 Q?-,,gw,s)) _ 1 dz T (2) e_%
o oV

o o' xY; z= In(r*Q? where r is the dipole size;

o <z> = In(r’ beew’s) 5 Qnew,s =New saturation (diffusion) scale

e T (z) = solution in the MFA;

The BFKL Pomeron calculus leads to a very complicated
form of the noise term and simplification that one has to
make kills the main idea: to calculate Pomeron loops
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o Summing Pomeron loops in the BFKL Pomeron calculus
( E.L., Miller & Prygarin)

1~ asY < Inl/ag < asY < asY < 1/as

e 1= agsY < Inl/aiy — LO BFKL Pomeron
e Inl/a% < asY <1/as — BFKL Pomeron calculus

O 1/545 < @&sY —— NLO BFKL Pomeron and non-linear QCD
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The main results:

e We can neglect the overlapping singularities;

e We are dealing with the system of the non-
interacting BFKL Pomerons;

e For summing Pomeron loops we can use
the Mueller-Patel -Salam -lancu approximation,
improved by the renormalization of the
scattering amplitude at low energies;
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An example:

IV RSNyl

YR=7+7"

Y = -
Y:

/7 \

—_— — + 1+ — —
}/’2 \ /
0 -
2 Y Y Y YR YR YR IR
AR:A—Fag
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A : T e 0 0
P>
. ’YBA low energy amplitude YR — 'VBA
Solution:

For model BFKL kernel

Low z and Diffraction

X

( % for r* Q? <1 — summing (asln(1/(r*Q?)))™;

L, for r2Q2>> 1 — summing (s ln(r? Q%)™
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we obtain:
e geometrical scaling behaviour;

e rather slow approaching the asymptotic

value, namely 1 — N «x exp(—z) where
z = ln(r2Q2)
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Conclusions

“ Once wyou eliminate the

impossible  what remains s
the solution - mo matter how

improbable it may seem”

| hope that during this conference we
will eliminate a couple of possibilities
approaching to the solution
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